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© A method of producing porous lithium aluminate 
fiber or coarse particle for use as a reinforcement of 
an electrolyte plate of a molten carbonate fuel cell, 
which comprises either reacting highly pure alumina 
fibers with a lithium compound at 500 to 1,000'C to 
give porous fibers (7) of lithium aluminate, or reac- 
ting coarse particles of an alumina/silica mixture with 
a carbonate containing lithium ions at 500 to 
1,000*C and releasing the silica into the carbonate 
to give porous coarse particles (22) of lithium alu- 
minate. 



FIG. 2 
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Technical Field 



The present invention relates to processes for 
producing porous lithium aluminate fibers and 
coarse particles to be used as a reinforcement for 
an electrolyte plate of a molten carbonate type fuel 
cell in which the electrolyte plate is impregnated 
with a molten carbonate. The molten carbonate 
type fuel cell is one of the fuel cells used in the 
energy sector in which chemical energy of fuel is 
directly converted to electrical energy. 

Background Art 



In a molten carbonate type fuel cell proposed 
so far, a porous matrix tape is impregnated with a 
molten carbonate serving as an electrolyte, to form 
an electrolyte plate. The electrolyte plate is sand- 
wiched between a cathode (oxygen electrode) and 
an anode (fuel electrode), and an oxidizing gas is 
supplied to the cathode side, while a fuel gas is 
supplied to the anode side to perform power gen- 
eration between the cathode and the anode. Cells 
with such a construction are laid one on another, 
with a separator therebetween, to form a multilayer 
stack, which is fastened with an appropriate fasten- 
ing force. 

The electrolyte plate for used in the molten 
carbonate type fuel cell as mentioned above has 
hitherto been produced by a variety of methods. In 
one of such methods, a matrix having a multiplicity 
of vacancies is formed from ceramic particles, for 
instance, a powder of lithium aluminate (UAIO2), 
several micrometers or below in size, and the ma- 
trix is impregnated with an electrolyte to hold the 
electrolyte in the voids of the matrix, thereby ob- 
taining the electrolyte plate. 

The electrolyte plate obtained by the above 
method is used in the state of being sandwiched 
between a cathode and an anode, and is therefore 
required to provide perfect separation between an 
oxidizing gas supplied on the cathode side and a 
fuel gas supplied on the anode side. As the fuel 
cell is operated and stopped, however, the elec- 
trolyte plate receives great stresses due to re- 
peated thermal transition between the room tem- 
perature and the operating temperature of the fuel 
cell (about 650°C). The maximum stress is gen- 
erated at the time of transition of the electrolyte 
from a liquid phase to a solid phase when the fuel 
cell is turned off. The phase change is accom- 
panied with a rapid change in volume and release 
of a certain amount of energy, which is relieved by 
causing a cracking in the electrolyte plate. If a 
crack piercing the electrolyte plate from face to 
back or vice versa is developed, the electrolyte 
plate can no longer maintain its ability to separate 
the oxidizing gas and the fuel gas from each other, 



so that the oxidizing gas and the fuel gas make 
direct contact with each other, leading to a lowering 
in the cell output or to the danger of explosion. 

To obviate the above-mentioned problem, 

5 therefore, a number of proposals have been made. 
In one of the proposals, for instance, in forming a 
matrix using the above-mentioned lithium aluminate 
particles not greater than several micrometers as 
support particles in the production of the electrolyte 

70 plate, coarse particles of lithium aluminate (50-150 
micrometer) much greater than the support par- 
ticles, in an appropriate proportion (for example, in 
an amount of 10 vol% per 90 vol% of the support 
particles of lithium aluminate) so that the develop- 

75 ment of the cracks piercing the electrolyte plate 
from face to back or vice versa is blocked by the 
coarse particles of lithium aluminate mixed as 
above, and the coarse particles of lithium aluminate 
are used as a reinforcement of the electrolyte plate 

20 [Japanese Patent Application Laid-Open (KOKAI) 
No. 57-27569 (1982)]. In another proposal, long 
fibers of lithium aluminate having a length of not 
less than 100 micrometers and a ratio l/d of length 
I to diameter d of not less than 10 are entangled 

25 with one another to form a matrix, and an elec- 
trolyte is held in the vacancies formed through the 
entanglement of the long fibers of lithium aluminate 
[Japanese Patent Publicaiton No. 63-26511 (1988)]. 
According to the proposal disclosed in the Jap- 

30 anese Patent Application Laid-Open (KOKAI) No. 
57-27569 (1982), however, the coarse particles of 
lithium aluminate are merely mixed into the matrix 
as a reinforcement (crack-suppressing particles) for 
the electrolyte plate, and the reinforcing coarse 

35 particles of lithium aluminate themselves are not so 
formed as to permit impregnation thereof with the 
electrolyte. Also, in the electrolyte plate proposed 
in the Japanese Patent Publication No. 63-2651 1 
(1988), the long fibers of lithium aluminate to be 

40 entangled with one another to form the matrix are 
not themselves designed to be impregnated with 
the electrolyte. Thus, in any of the above forms of 
electrolyte plate, a carbonate as the electrolyte 
cannot be infiltrated into the coarse particles or 

45 long fibers of lithium aluminate. Therefore, at the 
time of solidification of the carbonate when the fuel 
cell is cooled from the operating temperature to the 
room temperature, a series of gaps will be gen- 
erated at the boundaries between the periphery of 

50 the coarse particles or long fibers and the car- 
bonate, and the gaps may pierce the electrolyte 
plate from face to back or vice versa. 

The present inventors have found out that, 
when a carbonate used as an electrolyte in the 

55 production of an electrolyte plate for a fuel cell can 
be infiltrated into coarse particles or long fibers of 
lithium aluminate, the carbonate present in the 
coarse particles or long fibers will, upon solidifica- 
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tion of the carbonate due to cooling of the fuel ceil, 
be solidified as it is in continuity with the carbonate 
present in the surroundings of the coarse particles 
or long fibers and, therefore, the formation of a 
series of gaps around the coarse particles or long 
fibers is prevented. The present inventors have 
made further studies for rendering the coarse par- 
ticles or long fibers of lithium aluminate porous, 
and as a result of the studies, have found out a 
process for rendering the lithium aluminate fibers 
or coarse particles themselves porous. This inven- 
tion has been attained based on the findings. 

It is accordingly an object of this invention to 
provide processes for producing porous lithium alu- 
minate fibers and coarse particles themselves, for 
use as a reinforcement in the production of an 
electrolyte plate for a molten carbonate type fuel 
cell. 

Summary of the Invention 



This invention provides a process for producing 
porous lithium aluminate fibers in which poly- 
crystalline high-purity alumina fibers are heated in 
an Li-containing compound to a temperature of 500 
to 1000°C to react with Li, and the shape or ar- 
rangement of the particles constituting the alumina 
fibers is changed by the reaction of the fibers with 
Li to thereby obtain lithium aluminate fibers having 
pores inside thereof and in the surfaces thereof. 
For further enhancement of the functionality (for 
higher electrolyte-holding properties, wettability 
etc.) of the pore portions of the lithium aluminate 
fibers, it is preferable to provide a step of immers- 
ing the lithium aluminate fibers in an acidic aque- 
ous solution. In addition, for obtaining pure lithium 
aluminate fibers, it is preferable to subject the 
porous lithium aluminate fibers to a decarbonating 
treatment comprising water washing and acid 
cleaning, thereby removing the carbonates remain- 
ing in the fibers. 

Upon the reaction of the alumina fibers with Li, 
recrystallization occurs in the fibers to form pores 
in the fibers themselves. When the porous lithium 
aluminate fibers thus obtained are used as a re- 
inforcement of an electrolyte plate, the carbonate 
as the electrolyte penetrates into the pores and, 
upon cooling of the fuel cell, is solidified as it is. As 
a result, the carbonate solidified inside the fibers 
becomes continuous with the carbonate surround- 
ing the fibers; therefore, the formation of a series of 
gaps at the peripheries of the fibers is obviated. 

This invention also provides a process for pro- 
ducing porous coarse particles of lithium aluminate 
which comprises the steps of binding a small num- 
ber of silica particles and a large number of alu- 
mina particles to each other to form coarse par- 
ticles, heating the coarse particles in a lithium ion- 



containing carbonate to a temperature of 500 to 
1000°C so as to cause the silica particles in the 
coarse particles to be dissolved in the carbonate 
and to bring the alumina-based coarse particles, 

5 with vacancies formed therein by the dissolution of 
the silica particles, into reaction with lithium to form 
coarse particles of lithium aluminate, then cooling. 
the coarse particles of lithium aluminate, then cool- 
ing the coarse particles of lithium aluminate and 

jo subjecting the cooled coarse particles of lithium 
aluminate to water washing and acid cleaning to 
obtain porous coarse particles of lithium aluminate. 

Because each coarse particle is formed in the 
manner of enveloping a small number of silica 

75 particles with a large number of alumina particles 
and the silica particles are dissolved away from the 
coarse particle to form vacancies in the coarse 
particle, the diameter of the vacancies can be 
varied arbitrarily by regulating the diameter of the 

20 silica particles. When the porous coarse particles of 
lithium aluminate thus obtained are used as a re- 
inforcement of an electrolyte plate, a carbonate as 
the electrolyte penetrates into the vacancies and, 
on cooling of the fuel cell, is solidified as it is. 

25 Therefore, the carbonate having penetrated into the 
vacancies is continuous with the carbonate in the 
vicinity of the reinforcement, so that a series of 
gaps is not formed at the peripheries of the re- 
inforcement. 

30 

Brief Description of the Drawings 

Figure 1 is a schematic illustration of one em- 
bodiment of production steps for carrying out a 

35 process according to this invention; 

Figure 2 is a schematic illustration of one em- 
bodiment of use of lithium aluminate fibers, pro- 
duced by the process of this invention, as a 
reinforcement for an electrolyte plate; 

40 Figure 3 to 6 are photographs showing cross- 
section of lithium aluminate fibers obtained upon 
experiments under various conditions respec- 
tively; 

Figure 7 is a schematic illustration of one em- 
45 bodiment of production steps for carrying out a 
process according to this invention; 
Figure 8 is a schematic illustration of porous 
coarse particles of lithium aluminate produced 
by the process of this invention; and 
so Figure 9 is a schematic illustration of use of the 
porous coarse particles of lithium aluminate, 
produced by the process of this invention, as a 
reinforcement for an electrolyte plate. 

55 Best Mode for carrying out the Invention 

Some preferred embodiments of this invention 
will now be described below while referring to the 
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drawings. 

Figure 1 illustrates one embodiment of the 
steps for carrying out the process according to this 
invention. In the figure, there are shown a portion 1 
for supplying polycrystalline high-purity alumina fi- 
bers 2 comprising a large number of alumina 
(AI2O3) particles arranged in fiber form and not 
containing impurities such as Si02, a portion 3 for 
supplying a Li-containing compound 4, a portion 5 
for reacting the alumina fibers 2 with lithium in the 
Li-containing compound 4, a decarbonating treat- 
ment portion 6, which is adopted as required, and 
porous lithium aluminate fibers 7 as the product. 

The production of the porous lithium aluminate 
fibers of this invention will be explained concretely. 
First, the polycrystalline high-purity alumina fibers 
2 not containing impurities such as SiCb are fed 
out of the supply portion 1 and mixed into the Li- 
containing compound 4 fed from the Li-containing 
compound supply portion 3. The Li-containing 
compound 4 may be, for instance, Li2C03, LiOH, 
Li2 0, ChhCOOLi or a compound containing at least 
one of these compound, among which a coom- 
pound containing Li2C03 is most preferred. The 
alumina fibers 2 have a length I of 10 to 1000 
micrometers when used as short fibers, and a 
greater length when used as long fibers, and a 
diameter d of not less than 2 micrometers (the 
upper limit may be about 50 meters), with the ratio 
l/d being preferably not less than 10. Theoretically, 
the alumina fibers and the Li-containing compound 
may be used in such amounts as to provide 
equimolar amounts of Al and Li. In consideration of 
reactivity, however, the alumina fibers and the Li- 
containing compound are used in such amounts 
that Li is present in an excess amount of about 1 to 
100 times the amount of Al. 

Next, the alumina fibers 2 mixed in the Li- 
containing compound 4 are reacted with lithium at 
the lithium reaction portion 5 to form lithium alu- 
minate fibers. The reaction with lithium is carried 
out by heating the alumina fibers 2 mixed in the Li- 
containing compound 4 to a temperature of 500 to 
1000°Cfor about 5 to 100 hours in the lithium 
reaction portion 5, to form fibers having pores 
inside and in the surfaces thereof. Where a car- 
bonate is used as the Li-containing compound, the 
carbonate is one which is solid (powdery) at the 
normal temperature and which is liquid at the time 
of reaction. The heating temperature for the reac- 
tion with lithium is set in the range of 500 to 
1000°C because the reactivities of the reactants are 
extremely poor at a low temperatures below 
500°Cand, on the other hand, a high temperature of 
above 1000°Cwould cause excessive progress of 
sintering, resulting in that the vacancies grown in 
the fibers might be too small or broken down. 
Where a salt other than carbonate is used as the 



Li-containing compound, the heating temperature is 
set to be not lower than the melting temperature of 
the salt used. The reactivities and the shape and 
size of the vacancies formed in the fibers are 

5 capable of being controlled as desired, by combin- 
ing appropriately the kind of the compound, the 
heating temperature, the heating time and the reac- 
tion atmosphere (partial pressure of oxygen etc.). 
The partial pressure of oxygen in the reaction at- 

70 mosphere is controlled, for example, by supplying 
air or an inert gas into the reaction atmosphere and 
exhausting CO2 or the like, as required. 

When the alumina fibers as mentioned above 
were reacted with lithium in a carbonate at 700°C 

15 for 20 hours, lithium aluminate fibers having cross- 
sections as shown in the photographs in Figures 3 
and 4 and the photographs in Figures 5 and 6 were 
obtained. The photograph (x 2000) in Figure 3 and 
the photograph (x 5000) in Figure 4 show the 

20 lithium aluminate fibers obtained by the reaction 
under a low partial pressure of oxygen, while the 
photograph (x 5000) in Figure 5 and the photo- 
graph (x 7500) in Figure 6 show the lithium alu- 
minate fibers obtained by the reaction under an 

25 excess partial pressure of oxygen. 

In order to enhance the purity of the lithium 
aluminate fibers 7 obtained by the above-men- 
tioned reaction of the alumina fibers with lithium, 
the lithium aluminate fibers 7 are subjected, after 

30 cooling, to water washing and acid cleaning in the 
decarbonating treatment portion 6 to remove the 
carbonate remaining in the fibers. This treatment, 
however, is not essentially required, and therefore 
can be omitted, if the initial carbonate component 

35 is selected taking into account the composition of 
the carbonate which will penetrate and be left in 
the fibers. In carrying out the decarbonating treat- 
ment, the washing temperature and the immersion 
times in water and in an acid solution may be 

40 controlled arbitrarily according to the washing ef- 
fect and the surface treatment effect. Where a 
carbonate is used, the cleaning is carried out pref- 
erably using a solution of acetic acid or acetic acid 
compound or a mixed solution thereof. The acid 

45 treatment used in obtaining the lithium aluminate 
fibers shown in the photographs in Figures 3, 4, 5 
and 6 was immersion in a mixed solution of 
hydroxyacetic acid [CH 2 (OH)COOH]/acetic acid 
(CH 3 COOH)/ethyl acetate (CH3COO2H5) for 24 

50 hours. 

The functionality (for higher electrolyte-holding 
properties, wettability etc.) of the pore portions 
formed inside and in the surfaces of the porous 
lithium aluminate fibers 7 obtained by the above- 
55 mentioned steps can be enhanced by adding, to 
the process, a step of immersing the porous lithium 
aluminate fibers 7 in an acidic solution. Besides, 
the lowering in the fiber strength caused as the 
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alumina fibers 2 become porous through the reac- 
tion with lithium can be restrained by heating the 
fibers to a temperature of not lower than 1000°C 
after the above treatments. It is thereby possible to 
recover the fiber strength to a level of about 1/3 
times the initial strength of the alumina fibers 2. 

The porous lithium aluminate fibers 7 produced 
by the process as described above are used as a 
reinforcement of an electrolyte plate constituting a 
fuel cell. When the porous lithium aluminate fibers 
7 produced according to this invention are mixed 
into ceramic particles used as support particles for 
forming a matrix of the electrolyte plate, as partly 
shown in Figure 2, to thereby form the matrix 8 of 
the electrolyte plate and then the matrix 8 is im- 
pregnated with a molten carbonate 9 serving as an 
electrolyte, the molten carbonate 9 penetrates into 
the vacacies in the lithium aluminate fibers 7 serv- 
ing as the reinforcement. Therefore, when the mol- 
ten carbonate 9 is solidified as the fuel cell is 
cooled from the operating temperature (650°C) to 
the room temperature, the molten carabonate 9 
present in the vacancies in the lithium aluminate 
fibers 7 is solidified as it is in continuity with the 
carbonate 9 in the vicinity of the lithium aluminate 
fibers 7. Consequently, generation of a series of 
gaps at the peripheries of the lithium aluminate 
fibers 7 is prevented. Furthermore, even if cracks 
occurring on both sides of the electrolyte plate 
reach the lithium aluminum fibers 7, the fibers 7 
are able to prevent the cracks from piercing the 
electrolyte plate from face to back or vice versa. 

Figure 7 illustrates one embodiment of the 
steps for carrying out the process for producing 
porous coarse particles of lithium aluminate ac- 
cording to this invention. In the figure, there are 
shown a portion 11 for supplying silica (SiC>2) 11a, 
a portion 12 for supplying alumina (AI2O3) 12a, a 
portion 13 for supplying a dispersant 13a, a portion 
14 for supplying a binder 14a, a mixing treatment 
portion 15 for mixing the silica 11a and the alumina 
12a with the binder 14a to form a slurry 16, a 
granulating treatment portion (granulator) 17, a lith- 
ium reaction portion 18 at which coarse particles 
17a formed in a predetermined particle size at the 
granulating treatment portion 17 are heated in a 
lithium ion-containing carbonate 19a to cause the 
silica 11a contained in the coarse particles 17a to 
be dissolved in the carbonate 19a and to react the 
remaining alumina 12a with lithium, a portion 19 for 
supplying the lithium ion-containing carbonate 19a, 
a cooling part 20, a decarbonating treatment por- 
tion 21 for subjecting the coarse particles to water 
washing and acid cleaning to remove the carbonate 
remaining in the coarse particles, and porous 
coarse particles of lithium aluminate 22 as the 
product. Also shown in the figure are a high-tem- 
perature heating portion 23 used as required for 
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enhancing the strength of the porous coarse par- 
ticles of lithium aluminate, and rigid coarse par- 
ticles of lithium aluminate 23a obtained at the high- 
temperature heating portion 23. 

5 The production of the porous coarse particles 

of lithium aluminate of this invention according to 
the above-mentioned production steps will now be 
explained concretely. 

First, a large number of particles of alumina 

70 (AI2O3) 12a are dispersed with the dispersant 13a. 
Then, these alumina particles 12a and a small 
number of particles of silica (S1O2) 11a are mixed 
with a binder (e.g., polyvinyl alchohol) 14a in the 
mixing treatment portion 15, to form a slurry 16. 

;s The slurry 16 is placed into the granulating treat- 
ment portion 17, whereby coarse particles 17a are 
formed which each comprises a small number of 
particles of silica 11a mixed in a large number of 
paritcles of alumina 12a. The small number of 

20 particles of silica 11a, used for forming vacancies 
in the coarse particles 17a as will be explained 
below, are 1 to 10 micrometers in diameter. Each 
of the above-mentioned large number of particles 
of alumina 12a has a diameter of about 0.01 to 10 

25 micrometers, and a particle diameter of 0.01 to 1 
micrometer is preferred in view of easy control of 
the diameter of the coarse particles and easy for- 
mation of spherical paritcles. The diameter of the 
individual coarse particles 17a formed in the 

30 granulating treatment portion 7 is 0.5 to 200 mi- 
crometers. 

Next, the coarse particles 17a of 0.5 to 200 
micrometer diameter formed as above are heated 
in the lithium ion-containing carbonate 19a to a 

35 temperature of about 500 to 1000°C at the lithium 
reaction portion 18. By this treatment, the above- 
mentioned small number of particles of silica 1 1a in 
the coarse particles 17a are dissolved away into 
the carbonate 19a, thereby leaving vacancies 24 in 

40 the coarse particles 17a as shown in Figure 8, 
while the coarse particles consisting essentially of 
the remaining alumina 12a are reacted with lithium, 
whereby the coarse particles 17a are converted 
into coarse particles of lithium aluminate 17a. The 

45 coarse particles of lithium aluminate 17a are then 
subjected to water washing and acid cleaning at 
the decarbonating treatment portion 21, to become 
porous coarse particles of lithium aluminate 22 
having the vacancies 24 therein. 

50 The lithium ion-containing carbonate 19a in the 

above explanation is ordinarily one which is solid 
(powdery) at the normal temperature and which is 
melted upon being heated; however, a lithium ion- 
containing carbonate prepared initially in a liquid 

55 state may also be used. The heating temperature 
for the reaction with lithium is set in the range of 
500 to 1000°C, which is the optimum range, be- 
cause the reaction rate is very low at temperatures 

5 
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below 500°C, whereas a temperature of above 
1000° causes sintering of the coarse particles 17b 
after the reaction or of the alumina 12a itself to 
proceed to such an extent that the coarse particles 
obtained will have a small diameter or the vacan- 
cies 24 formed in the coarse particles of lithium 
aluminate 17b will be narrowed or broken down. 
The cooling at the cooling portion 10 is carried out 
by formed cooling (as in a stream of gas or the 
like) or slow cooling (furnace cooling ) according to 
the required properties of the coarse particles (size, 
vacancy or pore diameter etc.). In this case, the 
cooling time is not particularly limited. 

Though the above embodiment has been ex- 
plained with reference to the steps of heating the 
coarse particles 17a to a temperature of 500 to 
1000°C in the lithium ion-containing carbonate at 
the lithium reaction portion 18 to dissolve away the 
silica 11a from the coarse particles 17a, thereby 
rendering the coarse particles porous, and to react 
the remaining alumina with lithium, thereby forming 
the coarse particles of lithium aluminate 17b, and 
then subjecting the coarse particles of lithium alu- 
minate 17b, after cooling, to the decarbonating 
treatment to obtain the porous coarse particles of 
lithium aluminate 22 as the product, the water 
washing and acid cleaning steps carried out for the 
decarbonating treatment at the decarbonating treat- 
ment portion are not essentially required, and 
therefore can be omitted, if the initial carbonate 
component is selected taking into account the 
composition of the carbonate which is contained in 
the coarse particles. Where such a selection is not 
made, however, the water washing and acid clean- 
ing steps are necessary, and these steps enable a 
surface treatment of the particles (inclusive of the 
surfaces of the particles and the surfaces of the 
vacancies). By incorporating the water washing and 
acid cleaning steps into the process, therefore, it is 
possible to remove the carbonate remaining in the 
coarse particles of lithium aluminate. 

A specific method of carrying out the above- 
mentioned decarbonating treatment will now be ex- 
plained. First, the coarse particles are washed with 
hot water, and neutralized with acetic acid or the 
like. Then, the neutralized coarse particles are im- 
mersed in an aqueous solution of acetic acid or the 
like (the immersion time and the composition of the 
solution may be arbitrarily set), then washed with 
alchohol, and finally dried. 

When the diameter of the vacancies 24 in the 
porous coarse particles of lithium aluminate 22 
obtained by the production steps as mentioned 
above is large, for * enhancing the strength the 
coarse particles 22 are again heated to 1000°C or 
above at the high-temperature heating portion 23 
shown in Figure 7, thereby consolidating the par- 
ticles to obtain rigid porous coarse particles of 



lithium aluminate 23a. 

The porous coarse particles of lithium alumi- 
nate 22 or 23a produced by the process as men- 
tioned above are used as a reinforcement of an 
s electrolyte plate of a fuel cell. That is, in forming a 
matrix by using fine particles of lithium aluminate 
or other ceramic as support particles, the porous 
coarse particles of lithium aluminate 22 or 23a 
having a large number of vacancies 24 therein 

w produced according to this invention are mixed into 
the support particles to form the matrix 25a of the 
electrolyte plate 25, as partly shown in Figure 9, 
and the matrix 25a is impregnated with a molten 
carbonate 26 serving as an electrolyte. As a result, 

is the molten carbonate 26 penetrates into the vacan- 
cies 24 in the porous coarse particles of lithium 
aluminate 22 or 23a functioning as the reinforce- 
ment. Therefore, when the molten carbonate 26 is 
solidified as the fuel cell is cooled from the operat- 

20 ing temperature (650°C) to the room temperature, 
the molten carbonate 26 present in the vacancies 
24 is solidified as it is in continuation with the 
carbonate 26 present in the vicinity of the coarse 
particles 22 or 23a. Thus, formation of a series of 

25 gaps at the peripheries of the coarse particles 22 
or 23a is obviated. In addition, even if cracks 27 
developed on both sides of the electrolyte plate 25 
reach the coarse particles 22 or 23a, the cracks 27 
would be prevented from peircing the electrolyte 

30 plate from face to back or vice versa. 

Though in the above embodiment shown in 
Figure 7 as the production steps according to this 
invention a small number of particles of silica 
(Si02) 11a and a large number of particles of 

35 alumina (AI2O3) 12a have been described as being 
mixed with the binder 14a at the mixing treatment 
portion 15 to form the slurry 16, the method of 
biding the silica 11a and the alumina 12a to each 
other is not limited to the above-mentioned meth- 

40 od, and may be a method in which electrostatic 
attraction is used or a mechanical force is utilized. 

Industrial Applicability 



45 As has been described above, when the lithium 

aluminate fibers or coarse particles according to 
this invention are used as a reinforcement of an 
electrolyte plate in a molten carbonate type fuel 
cell, namely, when the aluminate fibers or coarse 

50 particles of this invention are mixed, as a reinfor- 
cemnt, into a matrix of ceramic particles to form an 
electrolyte holding plate having a multiplicity of 
vacancies and the electrolyte holding plate is im- 
pregnated with a molten carbonate, the reinforce- 

55 ment itself is impregnated with the carbonate, 
whereby the formation of a series of gaps at the 
peripheries of the reinforcement is prevented and a 
favorable electrolyte plate free of cracks is ob- 
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tained. 



Claims 



A process for producing porous lithium alu- 5 
minate fibers which comprises: 

mixing potycrystalline high-purity alumina 
fibers into a lithium (Li)-containing compound; 
and 

heating the alumina fibers in the Li-con- w 
taining compound to a temperature of 500 to 
1000°C to react the alumina fibers with lithium, 
thereby producing lithium aluminate fibers hav- 
ing pores inside as well as in the surface 10. 
thereof. ?5 

The process as set forth in claim 1, wherein 
each high-purity alumina fibers has a diameter 
of 2 to about 50 micrometers and a length I of 
10 to 1000 micrometers. 20 



The process as set forth in claim 1, wherein 
each high-purity alumina fiber has a ratio l/d of 
length I to diameter d of not less than 10. 



25 



The process as set forth in claim 1, wherein 
the Li-containing compound is mixed with the 
high-purity alumina fibers in such an amount 
that 1 to 1 00 moles of Li is present per mole of 
Al. 30 



11. 



ion-containing carbonate to a temperature of 
500 to 1000°C so as to cause the sillica par- 
ticles in the coarse particles to be dissolved in 
the carbonate, with the attendant formation of 
vacancies in the coarse particles, and to bring 
the alumina-based coarse particles with the 
vacancies formed therein into reaction with lith- 
ium to form coarse particles of lithium alu- 
minate; and 

cooling the coarse particles of lilthium alu- 
minate with the vacancies therein to obtain 
porous coarse particles of lithium aluminate. 

The process as set forth in claim 9, wherein 
the coarse particles are formed from a slurry 
which is prepared by dispersing the large 
number of alumina particles in a dispersant, 
and mixing the resultant dispersion with the 
silica particles and a binder. 

The process as set forth in claim 10, wherein 
the particle diameter of each silica particles is 
1 to 10 micrometers. 



The process as set forth in claim 4, wherein 
the Li-containing compound is selected from, 
for example, Li 2 C0 3 ,LiOH, Li 2 0, CH3COOU 14. 
and the like. 35 

The process as set forth in claim 1, wherein in 
heating the alumina fibers in the Li-containing 
compound to react the alumina fibers with lith- 
ium, the partial pressure of oxygen in the reac- 40 15. 
tion atmosphere is controlled. 

The process as set forth in claim 1 , wherein 
the lithium aluminate fibers obtained upon the 
reaction of the alumina fibers with lithium are 45 
subjected to a decarbonating treatment to re- 16. 
move carbonates remaining in the fibers. 

The process as set forth in claim 7, wherein 

the decarbonating treatment conprises water 50 

washing and acid cleaning. 

A process for producing porous coarse par- 
ticles of lithium aluminate which comprises: 

binding a small number of silica particles 55 
and a large number of alumina particles to 
each other so as to form coarse particles; 

heating the coarse particles in a lithium 



12. The process as set forth in claim 11, wherein 
the particle diameter of each alumina particle 
is 0.01 to 10 micrometers, preferably 0.01 to 1 
micrometer. 

13. The process as set forth in claim 10, wherein 
the individual coarse particles are formed to be 
0.5 to 200 micrometers in size. 



The process as set forth in claim 9, wherein 
the lithium ion-containing carbonate includes a 
mixture of a compound selected from LiOH, 
Li 2 0 and CH 3 COOLi with a carbonate, or 
U2CO3. 

The process as set forth in claim 9, wherein 
the coarse particles of lithium aluminate are 
subjected to a decarbonating treatment to re- 
move the carbonate remaining in the coarse 
particles. 

The process as set forth in claim 15, wherein 
the decarbonating treatment comprises: 

washing the coarse particles of lithium alu- 
minate in hot water; 

neutralizing the washed coarse particles of 
lithium aluminate with acetic acid or the like; 

immersing the neutralized coarse particles 
of lithium aluminate in an aqueous solution of 
acetic acid; 

washing the coarse particles of lithium alu- 
minate with alcohol; and 

drying the thus washed coarse particles of 
lithium aluminate. 
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17. A process for producing an electrolyte plate 
used in a molten carbonate type fuel cell which 
comprises: 

mixing polycrystalline porous lithium alu- 
minate fibers into a lithium (Li)-containing com- 5 
pound, and heating the alumina fibers in the Li- 
containing compound to a temperature of 500 
to 1000°C so as to react the alumina fibers 
with lithium, thereby forming a reinforcement 
which includes coarse particles of lithium alu- w 
minate fibers having pores inside thereof and 
in the surface thereof; 

mixing the reinforcement into a matrix of 
ceramic particles to form a porous plate; and 

impregnating the porous plate with a mol- ;s 
ten carbonate to form the electrolyte plate. 

18. A process for producing an electrolyte plate 
used in a molten carbonate type fuel cell which 
comprises: 20 

binding a small number of silica particles 
and a large number of alumina particles to 
each other so as to form coarse particles, 
heating the coarse particles in a lithium ion- 
containing carbonate to a temperature of 500 25 
to 1000°C so as to cause the silica particles in 
the coarse particles to be dissolved in the 
carbonate, with the attendant formation of va- 
cancies in the coarse particles, and to bring 
the alumina-based coarse particles with the 30 
vacancies formed therein into reaction with lith- 
ium to form coarse particles of lithium alu- 
minate, and cooling the coarse particles of 
lithium aluminate with the vacancies therein to 
form a reinforcement having the porous coarse 35 
particles of lithium aluminate; 

mixing the reinforcement into a matrix of 
ceramic particles to form a porous plate; and 

impregnating the porous plate with a mol- 
ten carbonate to form the electrolyte plate. 40 



45 



50 
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